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Background


Precise positioning of the modular coils (MC) was required for the NCSX. This was to be accomplished through stringent dimensional control and the extensive use of metrology. After the MC’s were fabricated, distortional adjustment and metrology procedures were performed to characterize the as-built condition. Specifically, metrology surface scans were performed on the coil flanges. This data was use to predict the initial shim thicknesses. Refer to figure 1 for an image of the A, B, and C coils with shim and flange labels.
Scope

The scope of this work encompassed all modular coils and consisted of predicting the initial shim thicknesses required for field period assembly. Additionally if it was decided to compensate for as-built errors (i.e. coil re-alignment) data transformation was applied and then the shim thicknesses predicted.
Status

Initial shim thicknesses were predicted for only the MC’s used to build the 1st field period. All remaining MC interfaces require initial shim thickness predictions. See Folder: Shim Thickness Calculations\Shim GUI\Shim Thickness GUI Files.
Method

Matlab was used to create a graphical user interface (GUI) which facilitated the computations. To run the GUI open the file: gui_61908_r1_shim_thickness.fig. Overall, using the GUI consisted of selecting the desired MC joint; reading into Matlab various data files: shim corner locations, flange surface scan data, re-alignment matrices; calculating thicknesses; and plotting various information. Refer to figure 2, 3, and 4 for an image of the GUI, the Help Display and plotted data examples. The flange scan data can be found at the respective close out location. The shim corner locations and re-alignment matrix files could be found at the location cited above. 
Note 1: The Help Menu provides a step by step guide to use the GUI.

Note 2: The various files associated with the GUI contain detailed descriptions and explanations. 

Lessons Learned

The metrology data used should be “cleaned”. This means it was evaluated/visually inspected to ensure that erroneous points were removed. This should have occurred prior to the data being achieved. However, it’s best to verify it. Verification can be performed by plotting the raw data via the GUI. Using standard Matlab menu options for figures, the plotted data can be rotated and zoomed to inspect for points of concern. If erroneous points are found, they require manual removal.
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Figure 1. Coils, Flanges, Shims.
Image modified from:  Stellarator Core Design Overview.pdf  B. Nelson. May 2004.  NCSX Final Design Review for Vacuum Vessel Subassembly and Modular Coil Winding Forms.
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Figure 2. Shim Thickness GUI.
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Step 1: Select Joint Type Check Box: AB or BC
Step 2: Press Load Shim File Button.
Step 3: Navigate Directories and Select File - shim corners.xls.
Step 4: Press Load 1st Coil Data Button.
Step 5: Navigate Directories and Select 1st Flange Excel File.
If data re-alignment is required: Step 6:
a: Select Check Box Apply Transformation D1.
b: Press the Load Transformation 1 Button.
c: Navigate to Directory: Re-Alignment mat files,and Select Corrrect File.
Step 7: Press Load 2nd Coil Data Button.
Step 8: Navigate Directories and Select2nd Flange Excel File.
If data re-alignment is required: Step 9:
a: Select Check Box Apply Transformation D2.
b: Press the Load Transformation 2 Button.
c: Navigate to Directory: Re-Alignment mat files,and Select Corrrect File.
Step 10: Press Calculate Thickness Button.
Step 11: Using the Drop Down Menu - Select Method of Plotting.
Step 12: Press Update Plot Button.

NOTES (1) Calculations for joints AA and CC not developed as of 10-23-08.
NOTES (2) Display input data by selecting appropriate check box
(or boxes): Shims, 1st Data, or 2nd Dat2, then press PlotiRefresh.

NOTES (3) When plotting results via Shim Thickness3D, the figure
window is interactive; users can hideldisplay deviation arrows and adjust scaling.

* Plots can be editted via standard Matlab menu options: i.e. 3D rotations.




Figure 3. Help Display.
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Figure 4. Example Plots
Plot of Predicted Thickness at the Respective Locations in 3D space.








Histogram Plot of Predicted Thickness Values








3D Plot of Surface Scan Data.








[image: image6.jpg]-~ Figure 3 . =Dl x

File Edit View Insert Tools Desktop Window Help E
D[k [RA0DEL (B(0B(sD

Shim Thickness (nches)

E1=0518

=052 12
2

21

Ed1-0521

E42-022

052
s1s

Histogram B Shi Thicknesses

ES=0513
Ei0-0.508
E10:1=0.508

El4=051a
Ei41=0513
E15-0504
ElB-0514
E18.1=0511
EN7-0513
Ei8=0518
EtB1-0518
Ela-0518

#ofshins

85 oss o5t 055 0m2 0EEEe

nches

temp=0514




